Purpose: To analyze hip morphometry of femoroacetabular impingement (FAI) pattern in patients with ankylosing spondylitis (AS) and correlate them with sacroiliitis grades. Materials and Methods: 384 patients with AS were analyzed regarding demographics, radiologic signs of FAI for hip involvement, and sacroiliitis grades. FAI was classified into 3 types according to alpha angle, lateral center-edge angle and pistol grip deformity. Sacroiliitis was graded according to the New York criteria. Prevalence of FAI morphometry types was determined and evaluated for association with sacroiliitis grades. Statistical analysis regarding numerical variables, including age, sacroiliitis score using t-test, sacroiliitis score in three groups using Kruskal-Wallis test and Mann-Whitney U-test, corrected by Bonferroni methods for post hoc analysis was done. Results: Among 384 patients, 141 (36.7%) had FAI morphometry. Male predominance was found in group with FAI pattern involvement (87.2%) (p = 0.000). Pincer type (20.6%) was the most common. Hip involvement group also showed greater sacroiliitis score (2.49 vs. 1.75, p = 0.000). Combined-type had greater sacroiliitis score compared with others (p = 0.002, 0.003). Conclusion: FAI morphometry was frequent in hips of AS patients (36.7%), especially pincer type, more frequent in male, and associated with significantly greater grade of sacroiliitis; combined type FAI pattern had greater sacroiliitis score.
INTRODUCTION
Ankylosing spondylitis (AS) is a chronic inflammatory disease of the axial skeleton with involvement of peripheral joints and non-articular structures (1) . Indeed, it is best known for its symptom of lower back pain; however, patients often present with hip or groin pain misleading the clinician to think that the cause lies primarily in the hips. Hip involvement as a common problem in AS increases the burden and negative affects its prognosis of AS than any other axial joints (2) . Femoroacetabular impingement (FAI) has been recently identified as a major cause of early primary osteoarthritis (OA) of the hip (3) . FAI refers to abnormal contact between the femoral head-neck junction or the acetabular rim (4) . A number of predisposing conditions have been described with deformities of the femur and the acetabulum which result in FAI including Legg-Calvé-Perthes, slipped capital femoral epiphysis, coxa magna, hip dysplasia, and fractures of the femoral neck (5) . Though tern of hip involvement in AS. In this study, we investigated the prevalence and radiographic patterns of FAI in hips of AS patients. In addition, we evaluated the possible association between sacroiliitis grade and FAI according to different types.
MATERIALS AND METHODS

Study Population
This retrospective observational study was approved by the Institutional Review Board and informed consent was waived. 
Radiographic Evaluation
Images included anteroposterior (AP) and translateral views of the hip. All patients underwent pelvic radiography to assess routine evaluation of AS. All of the images were retrospectively reviewed by two radiologists. FAI-like features were evaluated regarding the following: alpha angle, lateral center-edge (CE) angle, presence of pistol grip deformity in AS patients. Then they were classified into 3 types: cam, pincer, and combined-types.
The alpha angle was measured in the translateral radiograph in accordance with the method described by Nötzli et al. (6) . The first line defining the α angle was located between the center of the femoral head and the point where the distance from the center of the femoral head to the peripheral contour of the femoral head exceeded the radius of the femoral head. The second line defining the α angle was the axis of the femoral neck, which was defined as a line that passed through the center of the femoral head and the center of the femoral neck at its narrowest point ( Fig. 1) (7) .
The lateral CE angle and pistol grip deformity were measured on AP radiographs. Excessive acetabular coverage can be quantified with the lateral CE angle (8) . The lateral CE angle is the angle formed by a vertical line and a line connecting the femoral head center with the lateral edge of the acetabulum (Fig. 2) 
(9).
A normal lateral CE angle varies between 25° (which defines a dysplasia) (10) and 39° (which is an indicator for acetabular overcoverage) (11) . Also flattening of the head-neck junction (so called pistol grip deformity) was evaluated on AP radiographs (Fig. 3 ).
Cam type FAI was considered to be present when there was flattening of the head-neck junction (pistol grip deformity) and/ or α angle > 55°; pincer FAI was considered when the lateral CE angle > 39° was detected. Combined type was considered in cases with findings of both types.
The prevalence of FAI types was determined and evaluated for the association with grades of sacroiliitis. Sacroiliac joints were graded according to the New York criteria established in 1966 (9) , which describe five grades of sacroiliitis from 0 to 4 (0 = no disease, 1 = suspicious for disease, 2 = minimal disease, 3 = moderate disease, and 4 = severe disease). Images of 384 patients were analyzed by the first observer and they were also re-analyzed independently; a second observer evaluated the images after consensus training session with the first observer.
Statistical Analysis
The measurements were performed by two radiologists (one with three years, the other with five years of experience) and their interrater reliabililty was tested. For the quantitative assessments (lateral CE angle, α angle), intraclass correlation coefficient (ICC) was used to evaluate interrater reliability. ICC was in- Table 1 ). The group with FAI pattern of hip involvement also showed greater sacroiliitis score as compared with those without hip involvement (2.49 ± 1.19, 1.75 ± 1.19, p = 0.000). 
HLA-B27 was not different between FAI (-) and FAI (+) groups
DISCUSSION
The importance of hip involvement in patients with AS has been recognized for several years as a common and disabling problem, whereas involvement of other peripheral joints is less common. Hip involvement is an important prognostic factor In this study, we found FAI pattern of hip involvement in 36.7% of patients with AS. FAI has been reported to be present in 10-15% of general population (14) . And recent CT study has shown that two or more abnormal parameters of FAI were present in 29% of joints in asymptomatic young populations (15) .
Also, FAI-like pattern was found in 35.3% of primary OA caused mostly by developmental dysplasia of the hip (16) . Slipped capital femoral epiphysis is known as a predisposing condition of FAI; Dodds et al. (17) reported that among patients with after slipped capital femoral epiphysis, 32% had clinical signs of FAI.
Although AS has not been previously investigated as a predisposing factor of FAI, FAI pattern of hip involvement was frequent in AS and higher prevalence of FAI-type features were found than in asymptomatic general population in our study.
Regarding type of FAI, pincer type FAI was the most common pattern in our study of AS patients, followed by combined and cam types. Most FAI patients (86%) are reported to have a combination of both forms of impingement and only a minority (14%) to have the pure cam or pincer type of FAI in the general population (18) . Although the mechanism is unclarified, we hypothesize that pincer type FAI pattern may be caused by pronounced periarticular ossification at the acetabulum as a result of hip involvement of AS. This enthesopathy of acetabular rim may result in further overcoverage of the femoral head, which would produce the characteristic features of pincer type FAI. In AS patients with advanced hip OA, coxa profunda or protrusio acetabuli is usually seen on AP hip radiographs. Protrusio acetabuli is very common, occurring in as many as 33% of those with AS in the hip (19) . A coxa profunda is defined as the floor of the fossa acetabuli touching or overlapping the ilioischial line medially and protrusio acetabuli occurs when the femoral head is overlapping the ilioischial line medially. These two findings increase the relative depth of the acetabulum and generally a severe axial involvement (20) (21) (22) . Sacroiliitis is the most frequent and earliest radiographic manifestation of AS. Doran et al. (20) noted that radiologic hip involvement is significantly associated with higher scores of radiologic change in the spine. In our study, hip involvement group also showed greater sacroiliitis score than In conclusion, FAI pattern of hip involvement was frequently seen in AS (36.7%), more frequent in male patients and associated with significantly greater grade of sacroiliitis (2.49 ± 1.19).
Regarding type of FAI, pincer type was the most common pat- 
